To assess the efficacy of thoracic epidural anesthesia (TEA) with or without general anesthesia (GA) versus GA in patients who underwent cardiac surgery, PubMed, Embase, the Cochrane online database, and Web of Science were searched with the limit of randomized controlled trials (RCTs) relevant to 'thoracic epidural anesthesia' and 'cardiac surgery'. Studies were identified and data were extracted by two reviewers independently. The quality of included studies was also assessed according to the Cochrane handbook. Outcomes of mortality, cardiac and respiratory functions, and treatment-associated complications were pooled and analyzed. The comprehensive search yielded 2,230 citations, and 25 of them enrolling 3,062 participants were included according to the inclusion criteria. Compared with GA alone, patients received TEA and GA showed reduced risks of death, myocardial infarction, and stroke, though there were no significant differences (P > 0.05). With regard to treatment-related complications, the pooled results for respiratory complications (risk ratio (RR), 0.69; 95% CI: 0.51, 0.91, P < 0.05), supraventricular arrhythmias (RR, 0.61; 95% CI: 0.42, 0.87, P < 0.05), and pain (mean difference (MD), −1.27; 95% CI: −2.20, −0.35, P < 0.05) were 0.69, 0.61, and −1.27, respectively. TEA was also associated with significant reduction of stays in intensive care unit (MD, −2.36; 95% CI: −4.20, −0.52, P < 0.05) and hospital (MD, −1.51; 95% CI: −3.03, 0.02, P > 0.05) and time to tracheal extubation (MD, −2.06; 95% CI:−2.68, −1.45, P < 0.05). TEA could reduce the risk of complications such as supraventricular arrhythmias, stays in hospital or intensive care unit, and time to tracheal extubation in patients who experienced cardiac surgery.
Introduction
The evolution of techniques and knowledge of anesthesiology has resulted in decreased occurrence of surgery-related complications and subsequently improved clinical outcomes after surgery [1] [2] [3] . General anesthesia (GA) and thoracic epidural anesthesia (TEA) have been introduced in cardiac and pulmonary surgery for a long time [4] . It is suggested that TEA could provide better outcomes after operation than GA [5] [6] [7] . Indeed, lots of studies have focused on this issue and reported that TEA was associated with better outcomes and less operationrelated complications [8] [9] [10] .
As TEA has the potential of perfect pain control and high satisfaction within patients, it is a highly effective procedure for relieving acute pain after operation or severe trauma of the chest [11, 12] . Studies also reveal that TEA has the advantages of improving myocardial oxygen balance, increasing coronary perfusion, and reducing complications such as supraventricular arrhythmias after surgery [13, 14] . In addition, TEA may also reduce the duration of tracheal intubation and stay in intensive care unit and thus may save the patients with appropriate cost-effectiveness [15, 16] . However, the application of TEA in clinical practice is more or less limited because of its increased risk of adverse events such as epidural hematoma or abscess, even spinal cord compression [10, 17] . Besides, required systemic anticoagulation during cardiac surgery may promote the happening of epidural hematoma relevant to the use of an epidural catheter [18] .
With regard to these concerns, the efficacy of TEA is controversial. It is crucial to update the advantages and disadvantages of TEA in the treatment of patients who have experienced surgery.
Patients (1, 178) were identified in a previously published meta-analysis and it showed that the risk of death or myocardial infarction after cardiac surgery was similar between patients treated with TEA versus GA, but TEA treatment was associated with a less incidence of respiratory complications and dysrhythmias than GA alone [19] . However, since then, more randomized controlled trials (RCTs) comparing the effect of TEA either in combination with GA or alone versus GA alone have appeared in the database [14, 20] .
In this meta-analysis, we aimed to address whether TEA with or without GA in cardiac surgery could improve the clinical outcomes such as mortality and reduce cardiac, pulmonary, or neurological complications, expecting to provide reliable evidence in determining the risk-benefit ratio of TEA.
Methods

Data sources and search strategy
By combining well-selected synonyms for cardiac surgery and epidural anesthesia, pertinent articles were retrieved by two reviewers comparing TEA with or without GA versus GA alone from PubMed, Embase, the Cochrane online library, Web of Science, with restrictions for English language and RCT type. The function of 'see related articles' in PubMed was used to complement additional citations. In addition, if the full text was not available, we contacted authors for a complete manuscript. The detailed PubMed and Embase search strategy was developed according to Vesna Svircevic et al. [14] and can be obtained from Additional file 1.
Study selection
Studies identified from systematic searches of database and literatures were initially reviewed at the title or abstract level by two authors independently, and disagreements were resolved by discussion or a third reviewer. With regard to the rest references, we defined eligibility criteria to further select related citations and these criteria were as follows: the ages of patients should not be less than 18; randomization was used to allocate patients to treatment; studies containing the comparison of TEA with or without GA versus GA alone, and no restriction in dose and administration of GA; studies comparing cardiac surgery with or without spinal anesthesia were excluded; animal experimental researches, limited data of interest in studies, and duplicate literatures were also discarded. Studies with limited data were excluded and one hundred percentage of agreement on included studies were tried to make.
Data extraction and quality evaluation
The primary outcomes were mortality and myocardial infarction, and the secondary outcomes were pulmonary complications (pneumonia or limited function of respiratory), cardiac complications (supraventricular dysrhythmias or other events), and neurological complications (hematoma or abscess in epidural, transient ischaemic attack and others). Information relevant to the above outcomes as well as baseline data were abstracted by two well-trained reviewers independently. Other data such as duration of mechanical ventilation, hospital stay, and indicators of heart function and injury were also collected. As the mortality data in individual studies were reported at different times of follow-up, we defined and measured the death rate at short-term and long-term after operation.
The Cochrane Handbook for systematic reviews of interventions (version 5.1) [21] was introduced to appraise the internal validity of eligible studies and assess the risk of bias of selection, allocation, performance, detection, and reporting in each selected article. The whole evaluation process was done by one reviewer and checked by another investigator. If a consensus decision was encountered and this was not disappeared by discussion, then the third author was involved in the final decision.
Data synthesis and analysis
The overall effect of TEA was assessed on the improvement of primary and secondary outcomes based on the data of included RCTs. The dichotomous variables in individual studies were presented as risk ratio (RR) with a 95% confidence interval (CI) or odds ratio (OR) with a 95% CI. The review manager 5.2 software was used to perform quantitative analysis. As ordinarily accepted, the fixed effects model for pooled analysis was firstly used.
Heterogeneity across eligible studies was detected by using the I 2 statistic, which is a quantitative measure of lack of consistency across studies. If an I 2 statistic of studies is between 0% to 50%, it is considered that low heterogeneity exists within these studies, those with an I 2 statistic of 50% to 75% are considered to have moderate heterogeneity, and if I 2 statistic is larger than 75%, a high degree of heterogeneity are considered in these trials [22] . Usually, it is considered that there is no important heterogeneity if the value of I 2 across the studies is less than 50% [23] . When significant heterogeneity was detected, a random-effects model was used for analysis. Subgroup or sensitivity analyses were applied if there was a necessity.
Results
Search results
A total of 2,230 articles were initially identified by the comprehensive search. One hundred and thirty five of them were discarded as they were duplicative references, and 1,903 of them were excluded after a careful review of their titles or abstracts. The assessment of full text further excluded 130 articles as they failed to meet the eligibility criteria. For the remaining 35 articles, there were no experimental design in one study, no outcome data (further detailed information could not be obtained via contacting authors) in 5 articles, and these citations were also excluded. Eventually, twenty-five RCTs were included and their data were extracted and synthesized to evaluate the combining effect of TEA on clinical outcomes. The detailed process of study selection was illustrated in Figure 1 and the characteristics of eligible studies were presented in Table 1 .
Risk of bias in included studies
We mainly assessed the risk of bias of selection, performance, detection, attrition, and reporting. Although we only included randomized controlled trials, the selection bias remained unclear due to the incomplete reporting of randomization and allocation method. As illustrated in Figures 2 and 3 , the application of blinding was reported in a few articles and the majority of the included studies were with high risk of performance bias. With regard to the bias of attrition and reporting, the risks were relatively low. The funnel plot showed that there was no significant publication bias (Figure 4 ).
Effects of interventions
Mortality Among the eligible studies, 12 of them provided the data of mortality. In these RCTs, the TEA intervention was not associated with a significant improvement in mortality. Death in either TEA group or GA group was infrequent. A total of 8 deaths were presented in TEA group and 10 events were reported in GA group. At last, these studies enrolling 2,181 patients were included for the combined analysis. As the measured heterogeneity was not significant, we selected fixed-effects model to perform the analysis. As presented in Figure 5 , the application of TEA had an effect on reducing the risk of death with an estimate RR of 0.89, but it was not statistically significant either in short term or in long term (RR, 0.89; 95% CI:0.42, 1.87. P > 0.05).
Myocardial infarction
The pooled analysis of effect of TEA on the myocardial infarction was performed using the data from ten articles with 1,812 participants. A total of 149 events were reported in the TEA intervention, compared to the GA group with 153 events. As the value of I 2 was less than 20% and the value of Z was larger than 0.1, we did not find a significant heterogeneity. Figure 6 shows the synthesized result and exhibits that the TEA treatment was not sufficient to significantly prevent the patients from suffering myocardial infarction, compared with GA alone (RR, 0.98; 95% CI:0.83, 1.15. P > 0.05). Sensitivity analysis did not show a significant effect on the results.
Pain relief There were eight articles which reported the effect of TEA on pain control, and most of them used the visual analog scale (VAS) score to determine the degree of pain. We used fixed-effects model to perform this analysis and found that patients received TEA suffered less pain than those of GA treatment (mean difference, −1.27; 95% CI: −2.20, −0.35, P < 0.05. Figure 7 ).
Stays in hospital or intensive care unit A total of eight studies provided information on stays in hospital or intensive care unit; however, the duration of stay and terms of reporting varied between studies, increasing the risk of inconsistency. The pooled analysis exhibited that the use of TEA significantly reduced the time spent in intensive care unit (MD, −2.36; 95% CI: −4.20, −0.52, P < 0.05. Figure 8 ) and hospital (MD, −1.51; 95% CI: −3.03, 0.02, P > 0.05. Figure 9 ), indicating a relatively lower cost.
Time to tracheal extubation The time to tracheal extubation was reported in seven studies, and the reporting term and unit of time were different among these trials. By checking the value of I 2 , we found there was no significant heterogeneity in studies. As illustrated by Figure 10 , compared to GA arm, TEA arm showed a significant reduction of time to tracheal extubation (MD, −2.06; 95% CI: −2.68, −1.45. P < 0.05). Supraventricular tachyarrhythmias Overall, 2,193 patients from 12 RCTs were included in this pooled analysis, and there were 293 events in the TEA group and 390 events in the GA group. The detection of heterogeneity showed a low inconsistency across the studies and thus the fixed-effects model was applied. The result of metaanalysis indicated that there was no significant effect on the prevention of supraventricular tachyarrhythmias by adding TEA to GA (RR, 0.61; 95% CI: 0.42, 0.87, P < 0.05. Figure 11 ).
Respiratory complications With regard to the respiratory complications, 10 studies with 1,867 patients reported information on the incidence of events. The majority of these complications appeared within 14 days after surgery. A total of 92 events were reported in the TEA arm and 129 events were shown in the GA arm. The heterogeneity among these trials was not significant (I 2 = 48%, P = 0.05). By using fixed-effects model, the results illustrated by Figure 12 showed that TEA could significantly reduce the prevalence of respiratory complications for patients with cardiac surgery, compared with patients receiving GA during operation (RR, 0.69; 95% CI: 0.51, 0.91, P < 0.05).
Neurologic events As TEA was reported with a higher risk of incidence of epidural hematoma or abscess, we planned to perform this analysis to determine this effect. However, these events were not reported in all of the included studies. Stroke was another rare complication and only seven RCTs reported the data of this event, making it difficult to fully reveal the effect of TEA on the incidence of stroke. The TEA group had 7 events and the GA group had 14 events. After evaluating the heterogeneity of these studies (I 2 = 0%, P > 0.05), we performed this analysis and found that there was a lower risk of stroke in patients receiving TEA and GA, compared with those with GA alone (RR, 0.55; 95% CI: 0.24, 1.28, P > 0.05. Figure 13) .
Discussion
This meta-analysis using combined data from several RCTs determined that TEA with or without GA did not show a benefit in reducing the rate of death or the risk of myocardial infarction during perioperation, though TEA with or without GA showed a significant effect on reduction of risk of supraventricular tachyarrhythmias, respiratory complications, and time to extubation. These results suggested that TEA on the top of GA could provide additional benefits on clinical outcomes for patients receiving cardiac surgery. The effect of TEA on lowering the risk of mortality or myocardial infarction may be underpowered due to the extremely low events in both groups.
The methodological assessment of quality of included trials suggests that the reliability of our study is moderate and this is mainly due to the incomplete details of biases of selection, blinding and attrition. Randomized controlled trials are the optimal evidence for analyzing effect of intervention, [50] and this kind of studies are included in our meta-analysis. Though randomization has been applied in these articles, allocation concealment, which is another kind of selection bias, is rarely reported, resulting in a moderate risk of selection bias. As for biases of performance and detection, the risk is relatively high due to the unclear information about blinding in each study, and this is the main cause of the hampered quality of our study. There are also other biases caused by incomplete outcome data or selective reporting; however, these biases are associated with low risk and have little effect on the overall heterogeneity. Considering the imperfect quality of included trials, we carefully give our recommendation on the finding of this meta-analysis.
TEA is considered as the gold standard analgesic intervention for major surgery [51] . TEA with or without GA has the potential to provide sufficient pain control and has been used in cardiac surgery for years. Mortality as a severe result of cardiac surgery can be related to the complicated procedures or perioperative injury or pain. The activation of endocrine, neural, and metabolic pathways and inflammatory reactions all contribute to this unfavorable event probably by damaging myocardium, causing pain and other reasons [51] . Though cardiac surgery may result in mortality, the incidence of mortality is very low. In our meta-analysis, by combining the events in both TEA arm and GA arm, we found that the rate was 0.8% (18 deaths/2,181 patients in total). The pooled result suggested that the relief of pain was significantly improved in the TEA arm, compared with GA group. But this reduction of pain did not result in a lower risk of mortality. This may be explained by the extremely low and varied reporting of mortality in included studies.
Myocardial infarction is one of the most serious complications related to surgery, making myocardium one of the most important tissues needs protection from ischemia during surgeries [52] . Although there were different definitions of myocardial infarction used in included studies, most of them correctly defined this event by employing biomarkers of myocardium and ECG examination. Myocyte necrosis/apoptosis is the main cause of elevation of biomarkers after cardiac surgery; one study [42] reported that TEA plus GA preserved cardiac function by reducing apoptosis and improving hemodynamic function. However, the combined data in our study showed that TEA and GA had a similar effect on lowering the occurrence of myocardial infarction. One of the explanations may be the direct myocardial injury from ventricular venting, sewing needles or direct cardioversion or manipulation of the heart, [52] which could not be simply protected by TEA.
This meta-analysis also suggested that application of TEA could save patients from suffering cardiac or pulmonary or neurologic complications and reducing duration of intubation and stays in intensive care unit or hospital. These may contribute to a better costeffectiveness of TEA, despite its insufficient efficacy on reducing mortality and myocardial infarction. Studies have reported that TEA may improve myocardial oxygen balance and reduce perioperative stress response [53, 54] . We did find a benefit of TEA in controlling heart beats; however, the stress response could not be assessed by meta-analysis due to the limited information provided by few studies.
There are a few similar meta-analysis published in recent years [14, 19, 55] . Liu et al. [19] found that TEA was associated with significant reduction of arrhythmias, pulmonary complications, time to tracheal intubation, and postoperative pain. Their meta-analysis failed to determine the beneficial effect of TEA on reducing risk of clinical outcome (myocardial infarction for example). Another meta-analysis published by Guay [55] suggested that in patients operated on under GA, the addition of TEA reduced the incidence of arrhythmia with an OR of 0.59, and the time to tracheal extubation was reduced by 3.9 h, stay of intensive care unit also reduced. In our meta-analysis, we suggested that among patients who experienced cardiac surgery treatment-related complications and consumption of time in hospital or intensive care unit were reduced. Cardiac functions could be improved by using TEA, although TEA could not reduce the risk of death. Our result is consistent with previous meta-analysis. Recently, Mehta Y pointed out that TEA might decrease pulmonary, cardiovascular, or renal complications, provide excellent analgesia, and allow early extubation in high-risk cardiac surgical patients [56] . A larger scale RCT should be done to further confirm this point.
As drawbacks of meta-analysis are difficult to avoid, there are also few limitations in this study, making our findings less reliable. First, the application of TEA in cardiac surgery is in a debate, and this study failed to determine a significant reduction of mortality or myocardial infarction in patients treating with TEA plus GA. There is an urgent need for large number, multi-center, randomized, blinded clinical trials which could provide sufficient data on mortality or myocardial infarction or stroke as well as epidural hematoma relevant to the intervention of TEA. Second, although all of the included studies were RCTs, the quality of them varied. There was an obvious bias of selection because most of them did not report the information of blinding. And the time point of measuring and methods of detection were not in accordance with each other. Third, some of the studies have been published for several years, and there are remarkable developments in procedures or techniques after these years, and this may contribute to a higher risk of heterogeneity when these studies were included. Finally, there may be some publication bias in this meta-analysis, which may exaggerate the difference between TEA with or without GA and GA alone in the cardiac surgery. 
